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Figure 3. Solar cell terminal characteristics vs. number of mesh points: 

(a) open-circuit and maximum power point voltages; 

(b) short-circuit and maximum power point current densities; 
and (c) efficiency and fillfactor. Three iterations per mesh 
point, twelve junction photovoltage simulations, and twenty 
V-l points were used. 
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Figure 4. Photoex cited hole concentration calculated midway between mesh points in the n + -emitter for 
3, 9, 27, and 81 mesh points under short-circuit conditions and for three iterations per mesh point. 
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LEGEND: 

X 27 rotih points 

• 81 mash points 

(3 and 9 mash point casts 
not shown, but thay coincide 
with the 27 and 81 point casts) 








Nominal Depletion 
Region Edge 


X, Position Through the n + -Emitter (A) 

Figure 5. Built-in electric field vs. position in the n + -emitt«r of a solar cell using 27 and 81 mesh points 
under short-circuit current conditions and for three iterations per mesh point. 
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Figure 6. CPU execution time vs. number of iterations using 20 mesh points 
and 12 photovoltage simulations. 
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Figure 7. CPU computational time per photovoltage vs. number of iterations 
per mesh point using 20 mesh points. 
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Figure 8. CPU execution tine vs. number cf mesh points using three iterations 
per mesh point and 12 photovoltage simulations. 
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J T = 22.97 X 10 -3 - 1.7780 X 10~ 7 (e <V f R T J T ,/AkT - 1) 
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Figure 11. Simulated and experimentally determined V-l curve for cell No. 24C 
at 326 K ana the diode equation obtained from the simulation program. 
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Figure 14. Simulation and experimental bahavio- of device terminal 
characteristics arc resen tud over the temperature range 
of 300 to J 21 K for solar cell No. 24C. Temperature 
coefficients represented by corresponding slopes are also 
shown where the slope is uniquely defined. 
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Figure 15. Maximum theoretical and simulation values of short-circuit current density 
vs. air-oxide reflectivity for cell No. 24C where shadowing cc-~'tior> is not 
made. Maximum theoretical current is calculated independently of the 
model and is based only on the absorbed photon flux and assuming 100- 
percent collection efficiency. 
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Figure 16. Simulation of total and base region electron contribution to short-circuit current density and 
linear regression to experimental data at 300 K, Maximum theoretical current is calculated 
independently of the model and is based only on the absorbed photon flux and assuming 
100 percent collection efficiency. 
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Figure 17. One-dimensional model representing the thermally grown Si-rich oxides: 
(a) prior to oxidation; and (b) during oxidation. 
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Tcbts 2. Photosxclttd hot* conesntrstlons, thalr dartvattvas, and tha pareant differences In an n + -emitter region at thraa points 
(A, B, and C), lor four maah point distribution* (3, », 27, St) using thraa Itaratlons at sach mash point. 
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Table 3. Parameters used In the simulation were provided by or 
deduced from manufacturers’ specifications for cell No. 24C. 


Cell type 

n+p 

Total cell thickness 

33 x 10 " 2 cm 

Junction depth 

13 x 10 ~ 5 cm 

Contact shadowing 

4 percent 

Front surface concentration 

4 x 10 19 cm -3 

Front surface profile 

erfc 

Back surface concentration 

0 

Front SRV 

4 x 10 4 cm S -1 

Back SRV 

3 x 10 3 

Base region acceptor concentration 

1.2 x 10 17 cm " 3 

Base electron diffusion length (at 300 K) 

59 x 10“ 4 cm 

n-Type dopant 

Arsenic 

Recombination trap level in n-regio; : (As) 

0349 eV 

p-Type dopant 

Boron 

Recombination trap level in p-region (B) 

0345 eV 

Recombination concentration constant in p-region 

1 x 10 14 cm“ 3 

Recombination concentration constant in p-region 

9.195 x 10 ,2 cm~ 3 

Thickness of Si0 2 passivation layer 

50 to 200 A 

Air-oxide reflectivity 

0 to 034 

(not provided by manufacturer) 


Diode Resistance* 

20 

Temperature* 

300 K 


326 K 


371 K 


421 K 


'Measured by RTI. 
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Ittrte 4(a). 


Jgc, mA cm “ 


Jmp* ^ cm 


Simulation 


10.12 

0.749 

22.41 

0.6029 

20.56 

0.4918 


| Manufacturer 

RTI/NCAAT ! 

Data 

% Dtft 

Data 

Horn 

10.1 


9.8 

-3.3 

0.74 


0.73 

-2.6 

22.80 

1.7 

22.70 

1.3 

0.505 

-1.3 

0.5056 

-1.2 

— 


20.00 

-2.9 

— 


0.4922 

0.08 


Table 4(b). 


Parameter 

Simulation 

nm/Nc a&t 

>).% 

9.1 

9.3 

FF 

0.724 

0.723 

Jj,., mAcm -2 

22.97 

23.45 

V oe-V 

0.5493 

0.5458 

J mp ,mAcm- 

20.79 

20.71 

v mp . y 

0.4394 

0.4462 


H Difference 


Tbble 4(c). 


Parameter 

Simulation 

RTI/NCA&T 

H Difference 


• 7.33 

7.6 

3.6 

FF 

0.674 

0.687 

1.9 

mA cm -2 

23.83 

24.28 

1.8 

Voc.V 

J^mAem" 2 

0.4564 

20.85 

0.4556 

21.37 

-0.2 

2.5 

V V 
v mp* v 

0.3518 

0.3561 

1.2 


Table 4(d). 


Parameter 

Simulation 

RT1/NC A&T 

% Difference 

i), % 

5.29 

5.4 

2.04 

FF 

0.609 

0.62 

1.77 

J K , mA cm“ 2 

24.63 

24.78 

0.67 

V oc-V 

0.3525 

0.3522 

-0.10 

J mp ,mAcm- 

20.41 

20.85 

2.10 

V v 

0.2592 

0.258 

-0.70 


Table 4. Results of validation study using cell No. 24C, with corresponding parameters 
Hstad in Tabls 3, and whsrs 0.18 ia uaad lor tha air-oxid* raflactlvity: a) 300 K; 
b) 326 K; e) 371 K; and d) 421 K. Simulation raaulta ara obtalnad using thraa 
Heratlona and 20 mash points squally saparatad In tha n- and p-rsgions. 
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Table 5. Simulation and experimental temperature coefficients 
and the percent difference for cel* No. 24C. 


. Temperature 
Coefficient 

Simulation 

Experimental 

Percent 

Difference 

dij/dT, (% K" 1 ) 

-4.00 x 10 -2 

-352 x 10 “ 2 

-2.04 

cKFF)/dT, 0C 1 ) 

-1.14 x 10 “ 3 

-1.08 x 10 -3 

-530 

dVoc/dT, (V K" 1 ) 

-2.10 x 10' 3 

-2.04 x 10 -3 

-230 

dV mp /dT, (VK -1 ) 

I 

-1.93 x 10 " 3 

-1.94 x 10 -3 

052 


Table 6. Summary of experimental, calculated, and simulated 
short-circuit current density for cell No. 24C at 300 K. 


Method 

Short-circuit 
current density* 

Reflectivity 

— 

Comments 

Experimental 

23.75 x 10 ~ 3 inA cm - 2 

unknown 

agreement with RTI data 

Calculated 
(simulation program 
was not used) 

1850 x 10 -3 mAcm -2 

unknown 

usi.-.a manufacturer’s spectral 
response curve and the revised 
AMI 5 spectral data 

Calculated 
(simulated program 
was not U3ed) 

22.90 x 10~ 3 mAcm -2 

052 

maximum theoretical value, by 
calculating absorbed flux and 
assuming 100% collection efficiency 

2756 x 10* 3 mAcm" 2 

018 

Simulation 

Results 

2355 x 10 " 3 mA cm -2 

0.18 

RTI simulation program used 
(resultant collection efficiency 
is approximately 85%) 


Uncorrected for contact shadowing. 




